A study has been carried out to characterize the spatial patterns of droughts with different time scales as well as their trends in Qazvin province of Iran where droughts are recurrent phenomena. Thirty-five years monthly rainfall data recorded at twenty rainfall stations are used for the study. Standardized precipitation index is used for the reconstruction of drought events from rainfall data in order to characterize the spatial and temporal distributions of droughts. A non-parametric trend test known as Mann-Kendall test is used to analysis the changes in rainfall and drought events. The results show that the north especially northwest part of the provinces most prone to droughts with different time spans and severities. Trend analysis shows significant changes in rainfall and droughts only in few stations sporadically distributed over the study area. It is expected that the study will be helpful in drought mitigation and adaptation planning in the area.
INTRODUCTION
Droughts are very common in almost all countries around the world, especially those located in the arid and semiarid regions (Badripour, 2007; Shahid and Hazarika, 2010; Wang et al., 2012a) . Drought is a natural temporary deficit of water availability over a period due to low precipitation compared to the average (Pereira et al., 2002) .The effect of drought is often high compared to other natural disasters. Therefore, drought is considered as the costliest natural disaster in the globe (Vasiliades et al., 2011) . In contrast to other natural hazards (including floods) that are typically restricted to an area and occur over well-defined temporal intervals, drought is difficult to pinpoint in to time and space because it affects wide areas for a longer period (Vicente-Serrano et al., 2012) . Droughts are often recurring with certain spatial and temporal characteristics that vary significantly from one region to another (Tallaksen and van Lanen, 2004) . Therefore, characterization of spatial pattern of drought sat regional and local scales is one of the major steps for mitigation planning.
Droughts occurred several times in Iran in last few decades (UNA-IRAN, 2008) and caused severe damage to agriculture and economy. Drought during 1998-2001 affected 37 million people in 12 provinces out of 30 provinces of Iran and caused severe water and food shortages. The rainfall is changing due to climate change on both the global and the regional scales (Shahid and Khairulmaini, 2009) . It has been projected that frequency of occurrence of droughts will increase in Iran due to climate change (Sayari et al., 2013; Dastorani et al., 2012) . Therefore, characterization of droughts and understanding its trends at regional scale are very important.
Number of methods has been proposed for the characterization of droughts (Jr Heim, 2002; Keyantash and Dracup, 2002; Palmer, 1965; McKee et al., 1993; Tabari et al., 2013) . Among those, the Palmer Drought Severity Index (PDSI) (Palmer, 1965) , the standardized precipitation index (SPI) (McKee et al., 1993) and the Drought Severity Index (DSI) are widely used. A number of studies have been carried out to characterize droughts in different parts of Iran using various methods such as, evaluation of droughts in the northwest of Iran (Raziei et al., 2009) , temporal and spatial variability of drought in the western of Iran , hydrological droughts in the northwest of Iran (Daneshvar et al., 2013) , impacts of droughts on agricultural productions of Iran (Sayari et al., 2013) , meteorological drought in Iran (Asrari et al., 2012) , etc. However, little attention has been paid so far to characterize droughts at provincial level which is extremely important to get more insights in to droughts at local level for effective mitigation and preparedness of droughts. The objectives of the present study are two folds:
• Characterization of spatial and temporal patterns of droughts in Qazvin province of Iran which is one of the drought prone regions of the country.
• Examine the trends in historical droughts with different time scales and severities in the area.
Better understanding of droughts requires characterization of drought duration, frequency of occurrence and severity. Standardized Precipitation Index (SPI) (McKee et al., 1993) can characterize droughts by their duration, frequency and severity and therefore, used in the present study to characterize the spatial and temporal patterns of droughts in Qazvin province. Considering the length of time series, nonparametric trend test has been proposed to examine the presence of trends in historical droughts. It is expected that the study will help to understand the characteristics and the trends of droughts in more details which in turn will help planning mitigation and adaptation in the area.
AREA OF THE STUDY
Qazvin province is located in the northwest of the central plateau of Iran between longitude 48°45′E to 50°50′E and latitude 35°37′N to 36°45′N. The location of Qazvin province in the map of Iran is shown in Fig. 1 . Climate of the province varies widely both spatially and temporally. Annual average rainfall in the province varies from 210 mm in west to more than 550 mm in mountains of Northeast. Figure 2 shows spatial and seasonal distribution of rainfall in area. Temperature varies between -5°C in winter to 35°C in summer. Qazvin is an agriculture based province of Iran. More than 80% of the land is used for cultivation. Therefore, droughts cause severe impacts on agro-based economy and people's livelihood.
MATERIALS AND METHODS
Thirty-five years monthly rainfall records at twenty hydrometric stations located in and around Qazvin province are used for the study. Location of rainfall recording stations is shown in Fig. 3 .
The homogeneity of the rainfall records are analyzed by using the von Neumann ratio (Von Neumann, 1941) , Standard Normal Homogeneity Test (SNHT) (Alexandersson, 1986) and the Range test (Buishand, 1982) . The data sets of all the stations are found homogeneous. Standardized precipitation index is used for the reconstruction of drought events from rainfall data. Mann-Kendall test is applied to detect the trends in drought time series. Confidence levels of 90, 95 and 99% are taken as thresholds to classify the significance of positive and negative trends. The methods are discussed below in detail.
Standardized precipitation index:
Standardized precipitation index (McKee et al., 1993 ) is a widely used drought index based on the probability of precipitation for multiple time scales, e.g., 1, 3, 6, 9, 12, 18 and 20-month, respectively. It provides a comparison of the precipitation over a specific period with the precipitation totals for the same period for all the years included in the historical record. Consequently, it facilitates the temporal analysis of wet and dry phenomena. To compute SPI, historic rainfall data of each station are fitted to a gamma probability distribution function:
where, > 0 is a shape parameter, > 0 is a scale parameter, ˲ > 0 is the amount of precipitation and Γ{ { defines the gamma function.
The maximum likelihood solutions are used to optimally estimate the gamma distribution parameters and for each station and for each time scale:
where, ˓ = ln{˲{ − { ln {˲{ J {, n= number of precipitation observations. This allows the rainfall distribution at a station to be effectively represented by a mathematical cumulative probability function as given by:
Since the gamma function is undefined for x = 0 and a precipitation distribution may contain zeros, the cumulative probability becomes:
where, q is the probability of a zero. The cumulative probability H{˲{ is then transformed to the standard normal distribution to yield the SPI (McKee et al., 1993) . As the precipitation rate is fitted to a gamma distribution for different multiple time scales for each month of the year, the resulting function represents the cumulative probability of a rainfall event of a station for a given month of the dataset and at different multiple time scale of interest. This allows establishing a classification values for SPI. McKee et al. (1993) classified wet and dry events according to SPI values as given in Table 1 . Detail of the SPI algorithm can be found in (McKee et al., 1993 (McKee et al., , 1995 .
Mann-Kendall trend test:
In Mann (1945) and Kendall (1975) , the data are evaluated as an ordered time series. The net result of all such increments and decrements yields the final value of S. If x 1 , x 2 , x 3 … x i represent ndata points where x j represents the data point at time j, then the Mann-Kendall statistic,S can be calculated as:
where:
The probability associated with S and the sample size, n, are then computed to statistically quantify the significance of the trend. Normalized test statistic Z is computed as follows:
At the 99% significance level, the null hypothesis of no trend is rejected if ÉIÉ > 2.575; at 95% significance level, the null hypothesis of no trend is rejected if ÉIÉ > 1.96; and at 90% significance level, the null hypothesis of no trend is rejected if ÉIÉ > 1.645. More details of Mann-Kendall test can be found in Sneyers (1990) .
Spatial interpolation:
Kriging is used for the mapping of spatial pattern of droughts and their trends from point data. Geo-statistical analysis tool of ArcMap 9.1 (ESRI Virtual Campus Web Course, 2004) is used for this purpose. Kriging is a stochastic interpolation method (Journel and Huijbregts, 1981; Isaaks and Srivastava, 1989) , which is widely recognized as the standard approach for surface interpolation based on scalar measurements at different points. Studies show that Kriging gives better global predictions than other methods (Van Beers and Kleijnen, 2004) . Kriging is an optimal surface interpolation method based on spatially dependent variance, which is generally expressed as semi-variogram. Surface interpolation using kriging depends on selection of semi-variogram model and the mathematical function to fit the model. Depending on the shape of semi-variograms, different models are tested for best fitting.
Hydrological investigation over a large area requires assimilation of information from many sites each with a unique geographic location (Shahid et al., 2000) . GIS maintains the spatial location of sampling points and provides tools to relate the sampling data contained through a relational database. Therefore, it can be used effectively for the analysis of spatially distributed hydro-meteorological data and modeling. In the present paper, GIS is used to show the spatial variation of droughts and their trends.
RESULTS AND DISCUSSION
The occurrence of droughts in the study area is identified from SPI time series' of multiple-time scales. In the present study, SPI for six-and twelve-month time steps are computed to study the characteristics of seasonal and annual droughts. The six-month SPI is used to describe the seasonal droughts i.e., droughts during dry or wet seasons. While the twelve-month SPI is used to characterize annual droughts occur due to rainfall deficit in the whole year.
Droughts in qazvin:
Representative six-month SPI time series' at AbyekGhazvin, Ghazvin, Roudbar and Takestan stations are shown in Fig. 4 . Analysis of sixmonth SPI time series' at different stations located in and around Qazvin province reveals that severity of sixmonth time scale droughts varies from station to 1973, 1989, 1996 and 1998 . The SPI values in those years were less than -2.0 in most of the stations. It means that most parts of the province were affected by extreme droughts for six-month in those years.
Representative twelve-month SPI time series' at AbyekGhazvin, Ghazvin, Roudbar and Takestan stations are shown in Fig. 5 . Analysis of twelve-month SPI time series' at different stations located in and around Qazvin province reveals that major droughts with twelve-month time span also occurred in the years 1973, 1989, 1996 and 1998 . The SPI values were also below -2.0 in those years means that the province was affected by extreme droughts with twelve-month time spanin the years 1973, 1989, 1996 and 1998 .
Spatial distribution of drought:
The areas vulnerable to droughts at different time scales are identified on the basis of their percentage of occurrences. The percentage of drought occurrences is computed by taking the ratio of drought occurrences in each time step to the total drought occurrences in the same time step and drought category (McKee et al., 1993) . Spatial distribution of the percentage of occurrences of moderate, severe and extreme droughts at six-month time scale is shown in Fig. 6 .
The spatial distribution of moderate droughts (Fig. 6a) indicates that they tend to occur in north and west parts of the province at 6-month time scale. The central-south part of the province experiences moderate droughts with lower frequencies at 6-month time scale. Distribution of severe droughts (Fig. 6b) shows a similar pattern like moderate droughts. The north and west parts of the province are found to be most potential for severe droughts at 6-month time Figure 6c shows that the pattern of extreme droughts is different from moderate and severe droughts at 6-month time scale. Extreme droughts at 6-month time scale occur more frequently in the central part of the province. The north and the west parts of the province are also vulnerable to extreme droughts at 6-month time scale. On the other hand, the southern part of the province is less prone to extreme droughts at 6-month time scale.
With the increase of time scale from 6-month to 12-month, drought occurrence areas are found to change in Qazvin province. The spatial distributions of the percentage of occurrences of moderate, severe and extreme droughts at twelve-month time scale are shown in Fig. 7 . The spatial distribution of moderate droughts at twelve-month time step (Fig. 7a) indicates that they tend to occur in northeast, northwest and southwest parts of the province. The southeast part experiences moderate droughts with lower frequencies at 12-month time scale. Distribution of severe droughts (Fig. 7b) shows that northwest and west parts of the province are most potential for severe droughts at 12-month time scale. Figure 7c shows that the pattern of extreme droughts at 12-month time scale is similar to extreme droughts at 6-month time scale. Extreme droughts at 12-month time scale are most frequent in the central part of the province. The northwest part of the province is also vulnerable to extreme droughts at 12-month time scale.
The analysis of the occurrence of droughts of different categories and time scales indicate that western part of the province is most vulnerable to droughts. Extreme droughts are found to occur most frequently in the central part of the province. The southern part especially the southeast part of the province is less vulnerable to droughts.
Spatial distribution of coefficient of variation of rainfall or rainfall reliability of Qazvin province is shown in Fig. 8 . The figure shows that year to year variation of annual rainfall in the western part of the province is very high. Rainfall in the western part is also low compared to other parts of the province.
Therefore, it can be remarked that low rainfall and high variation in annual rainfall have made the western part of Qazvin province highly prone to droughts. Annual rainfall trends at each station are calculated and interpolated to prepare the map of annual rainfall trends in Qazvin which is shown in Fig. 9b . Significant changes are found only at three stations out of 20 stations in the province. Rainfalls at two stations located in the southern part of the province are found to increase at 95% level of confidence. On the other hand, rainfall at a single station located in the northeast part of the province is found to decrease significantly at 95% level of confidence. Spatial distribution of rainfall trends (Fig. 9b) shows non-significant increase and decrease of rainfall in the south and north parts of the province.
Trends in rainfall:

Trends of drought events:
The standardized precipitation index is designed to flexibly present the incremental rainfall excess or deficit at any time scale of interest (McKee et al., 1993) . In the present study, SPIs at six-and twelve-month time periods are analyzed to assess the trends of dry or droughts events in Qazvin province of Iran. Figure 10 shows the spatial pattern in the trends of dry events (SPI<0), moderate droughts (SPI<-1.0) and severe droughts (SPI<-1.5) at six-month time scale in the study area. As extreme droughts at six-month time scale is very rare, its trend is not calculated in the present study. It can be seen from Fig. 10a that no significant change in dry events at six-month time scale in the study area except in few pockets sporadically distributed over the province where the dry events are found the decrease significantly at 90% level of confidence. Spatial pattern in the trends of moderate and severe droughts at six-month time scale (Fig. 10b and c, respectively) shows no significant change at any stations of the province.
Spatial distribution in the trends of dry events and moderate droughts at twelve-month time scale are shown in Fig. 11a and b, respectively. As the severe and extreme droughts at twelve-month time scale is very less, there trends are not calculated in the present study. It can be seen from Fig. 11a that dry events at twelve-month time scale have decreased only at a small pocket in the southwest part of the province. No significant change has occurred in rest of the province. Figure 11b shows that severe droughts at twelve-month time scale have decreased significantly in the southwest part of the province.
From the above analysis, it can be remarked that dry events or droughts has not change significantly in most parts of the province over the time period 1971-2003. Significant changes have been noticed only in few pockets sporadically distributed over the study area.
With the global climate change, land temperature is rising in most parts of the world. Rising temperature has caused a change in precipitation in many parts of the world. IPCC projections for precipitation suggest that Iran will likely experience decrease in precipitation both in summer and winter (IPCC, 2007) . This is explainable since Iran is located on the desert belt of the northern hemisphere (Farzipour, 2011) . The analysis of data shows still there is no evidence in the changes of rainfall or droughts in the province. However, if the precipitation decreases in near future due to the effect of global climate change, it might have severe implications on drought severity and frequency in the province.
CONCLUSION
Drought is a major concern in Iran which has been projected to increase in future due to climate change. The spatial and temporal characteristics of meteorological droughts in Qazvin province of Iran have been studied by reconstructing historical drought sat six-and twelve-month time steps by using SPI. This study reveals that north-west part of the province is most prone to droughts. As it is not possible to change the natural course of droughts, actions at political and institutional levels are necessary to build capacity and reduce people's vulnerability to droughts. The major outcome of the study is the production of drought hazard maps of Qazvin province. As understanding the frequency and severity of water stress is essential for adaptation and mitigating planning (Wang et al., 2012b) , it is expected that the study will be beneficial to a number of stakeholders of the province particularly disaster management, agricultural organizations and development/planning authorities.
